PROTECTIVE MEMBRANE -EQUIPPED COMPOSITE ELECTROLYTE , 



METHOD FOR PRODUCING THE SAME , AND 




FUEL CELL PROVIDED WITH THE SAME 



BACKGROUND OF THE INVENTION 



Field of the Invention: 

The present invention relates to a protective membrane- 
equipped composite electrolyte to be preferably used for an 
electrochemical cell, especially for a fuel cell, the 
protective membrane -equipped composite electrolyte 
comprising a composite electrolyte including a matrix 
impregnated with a liquid electrolyte, and a surface of the 
composite electrolyte being coated with a polymer membrane. 
The present invention also relates to a method for producing 
the protective membrane -equipped composite electrolyte and a 
fuel cell provided with the protective membrane -equipped 
composite electrolyte. 
Description of the Related Art: 

A schematic entire arrangement of a cell unit of a 
phosphoric acid fuel cell is shown in FIG. 5. The cell unit 
1 is provided with an electrolyte-electrode joined unit 5 
which is constructed such that an anode electrode 2, a 
cathode electrode 3 , and a composite electrolyte 4 
interposed between the both electrodes 2, 3 are joined to 
one another. 

The composite electrolyte 4 generally includes a 
silicon carbide porous member with fine pores which are 



impregnated with unillustrated concentrated phosphoric acid 
(liquid electrolyte). However, another type is also known, 
in which a polymer film composed of a basic polymer such as 
polybenzimidazole is impregnated with phosphoric acid or 
5 sulfuric acid (see United States Patent No. 5,525,436). 

On the other hand, as shown in FIG. 6, each of the 
anode electrode 2 and the cathode electrode 3 comprises a 
gas diffusion layer 6 composed of carbon paper, and an 
electrode catalyst layer 7 including carbon with platinum 
1© carried on its surface, the carbon being uniformly laminated 

CO on a surface of the gas diffusion layer 6. 

m 

lu The electrolyte-electrode joined unit 5 as described 

i i=i 

□ above is interposed between a pair of separators 8a, 8b. 

= Collecting electrodes 9a, 9b are arranged at the outside of 

1|5 the pair of separators 8a, 8b respectively. Further, end 



plates 10a, 10b are arranged at the outside of the 
collecting electrodes 9a, 9b respectively (see FIG. 5). The 
end plates 10a, 10b are connected to one another by the aid 
of unillustrated bolts. Thus, the electrolyte-electrode 
20 joined unit 5, the separators 8a, 8b, and the collecting 

electrodes 9a, 9b are interposed and held by the end plates 
10a, 10b. Gas flow passages 11a, lib, which are used to 
supply the fuel gas or the oxygen-containing gas as 
described later on to the anode electrode 2 or the cathode 
25 electrode 3, are formed on the separators 8a, 8b 

respectively . 

The phosphoric acid fuel cell is constructed such that 
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a fuel cell stack (not shown), which is formed by mutually 
stacking a predetermined number of the cell units 1 having 
the structure as described above and electrically connecting 
the cell units 1 in series, is accommodated in a container. 

When the phosphoric acid fuel cell constructed as 
described above is operated, the fuel gas such as the 
hydrogen-containing gas is firstly supplied to the anode 
electrode 2 of each of the cell units 1 via the gas flow 
passage 11a of the separator 8a. On the other hand, the 
oxygen-containing gas such as the air is supplied to the 
cathode electrode 3 via the gas flow passage lib of the 
separator 8b. The fuel gas and the oxygen-containing gas 
pass through the gas diffusion layers 6 which constitute the 
both electrodes 2 , 3 , and then they arrive at the electrode 
catalyst layers 7. The hydrogen in the fuel gas causes the 
reaction represented by the following reaction formula (a) 
in the electrode catalyst layer 7 of the anode electrode 2 . 
Accordingly, the hydrogen ion and the electron are 
generated. 

H 2 -» 2H + + 2e ... (a) 

The generated hydrogen ion is moved to the cathode 
electrode 3 via the composite electrolyte 4 . During this 
process, the electron is extracted to an external circuit 
which is electrically connected to the anode electrode 2 and 
the cathode electrode 3, and it is utilized as DC electric 
energy to energize the external circuit. After that, the 
electron arrives at the cathode electrode 3 . 



The hydrogen ion moved to the cathode electrode 3 and 
the electron arrived at the cathode electrode 3 via the 
external circuit cause the reaction represented by the 
following reaction formula (b) together with the oxygen in 
5 the oxygen -containing gas supplied to the cathode electrode 

3. 

l/20 2 + 2H + + 2e -» H 2 0 ...(b) 
The fuel gas, which is not reacted, is discharged to 
the outside of the container of the phosphoric acid fuel 
1;@ cell via the gas flow passage 11a of the separator 8a. 

10 Similarly, the unreacted oxygen- containing gas and the 

m 

\\j produced H 2 0 are discharged to the outside of the container 



O of the phosphoric acid fuel cell via the gas flow passage 

2 lib of the separator 8b. 

lj| The state of H 2 0 in the reaction formula (b) depends on 

the operation temperature of the phosphoric acid fuel cell. 
Usually, the phosphoric acid fuel cell is operated in a 
state in which each of the cell units 1 is held at a 
temperature of about 140 to 190 °C. In this case, H 2 0 is 
20 produced as a gas, i.e., so-called steam. 

On the other hand, for example, when the operation is 
performed in a state in which each of the cell units 1 is 
held at a temperature of less than 100 °C , the ratio of H 2 0 
which is produced as liquid (water) is increased. The water 
25 stays at the inside of the container of the phosphoric acid 

fuel cell. For this reason, the phosphoric acid in the 
composite electrolyte 4 is eluted into the water. The water 
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is finally discharged to the outside of the container via 
the gas flow passages 11a, lib. However, the eluted 
phosphoric acid is also discharged during this process. 
Therefore, the concentration of phosphoric acid in the 
composite electrolyte 4 is decreased. As a result, an 
inconvenience arises such that the cell characteristic of 
the phosphoric acid fuel cell is deteriorated. 

Especially, when the composite electrolyte, which 
includes the polymer film composed of the basic polymer such 
as polybenzimidazole impregnated with the phosphoric acid or 
the like, is used as described in United States Patent No. 
5,525,436 referred to above, the polymer film is shrunk in 
some cases due to the elution of phosphoric acid. If such a 
situation occurs, the following inconvenience arises. That 
is, the polymer film is damaged, the fuel gas is leaked to 
the cathode electrode 3, or the oxygen -containing gas is 
leaked to the anode electrode 2 . 

Accordingly, it is conceived that the elution of 
phosphoric acid is avoided by coating the surface of the 
composite electrolyte 4 with a protective membrane. 

However, in this case, it is impossible to adopt the 
physical vapor deposition (PVD) method and the chemical 
vapor deposition (CVD) method which are representative 
methods for forming the membrane, because of the following 
reason. That is, when the PVD method is performed, it is 
necessary to allow a chamber to be in high vacuum after a 
formation objective for the membrane is arranged in the 



chamber of a PVD apparatus. However, when the formation 
objective for the membrane is the composite electrolyte 4 in 
which the silicon carbide porous member or the polymer film 
is impregnated with the liquid electrolyte such as 
5 phosphoric acid and sulfuric acid, it is extremely difficult 

to allow the interior of the chamber to be in high vacuum. 
In order to perform the CVD method, it is necessary to heat 
the composite electrolyte 4 so that the composite 
electrolyte 4 is at a high temperature. However, during 

£J) this process, the liquid electrolyte is volatilized and 

m removed. 

hj Further, it is also impossible to adopt the plating 

in 

#;3 method such as electroplating and electroless plating, 

id 

because of the following reason. That is, when the 
1$ composite electrolyte 4 is immersed in a plating bath, the 

liquid electrolyte is eluted into the plating bath. 

As described above, it is extremely difficult to form 
the protective membrane on the surface of the silicon 
carbide porous member or the polymer film impregnated with 
20 the liquid electrolyte, which has not been achieved yet. On 

the other hand, it is also conceived that the silicon 
carbide porous member or the polymer film may be impregnated 
with the liquid electrolyte after being coated with a 
protective membrane. However, it is extremely difficult to 
25 allow the liquid electrolyte to permeate into the silicon 

carbide porous member or the polymer film via the protective 
membrane . 
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Therefore, when the phosphoric acid fuel cell is 
operated, the control is made so that the temperature of the 
cell unit 1 is maintained within the range as described 
above by heating the cell unit 1 with a heater or the like. 
5 However, when the heater of the like is incorporated to 

construct the phosphoric acid fuel cell, an inconvenience 
arises such that it is difficult to miniaturize the 
phosphoric acid fuel cell. Further, when the phosphoric 
acid fuel cell is operated, it is necessary to apply the 
i^) electric power to the heater or the like. Therefore, an 

i% inconvenience arises such that the operation cost is 

;[] expensive. 

in 

| U SUMMARY OF THE INVENTION 

i;§ The present invention has been made in order to solve 

jH the various problems as described above, an object of which 

13 is to provide a protective membrane -equipped composite 

electrolyte which makes it possible to avoid any elution of 
a liquid electrolyte into water even when the water exists 
20 in a container of an electrochemical cell, a method for 

producing the protective membrane -equipped composite 
electrolyte, and a fuel cell provided with the protective 
membrane -equipped composite electrolyte. 

In order to achieve the object described above, the 
25 present invention lies in a protective membrane -equipped 

composite electrolyte for transporting ion from a first 
electrode to a second electrode of a pair of electrodes 
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provided for an electrochemical cell, wherein a composite 
electrolyte, which includes a matrix impregnated with a 
liquid electrolyte, has a surface coated with a membrane 
composed of crosslinked polymer. 
5 The seepage of the liquid electrolyte to the outside of 

the polymer membrane is remarkably suppressed, because the 
surface is coated with the polymer membrane. Accordingly, 
it is possible to prevent the liquid electrolyte from 
elution into water. That is, the membrane, which is 
£f) composed of the crosslinked polymer, functions as a 

IS protective membrane . 

Cfi 

|y Further, the crosslinked polymer is excellent in heat 

in 

f;1 resistance. Therefore, even when the electrochemical cell 

W 

5 is exposed to a high temperature, it is possible to suppress 

f "i 

J.S the decrease in protecting ability for the composite 

"i = 

S;^ electrolyte. 

H When the matrix is composed of a polymer, the membrane 

can be obtained by crosslinking the polymer. That is, the 
membrane, which is composed of a crosslinked polymer, can be 

20 formed by crosslinking the matrix itself. 

When the liquid electrolyte is any one of phosphoric 
acid, sulfuric acid, and methanesulf onic acid, the 
constitutive material for the membrane is preferably a basic 
polymer having a structural unit of monomer of secondary 

25 amine, because of the following reason. That is, even when 

the matrix is composed of any one of a silicon carbide 
porous member and a polymer, then the basic polymer is 
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attracted by the acidic liquid electrolyte, and it 
efficiently adheres to the surface of the composite 
electrolyte. Further, the membrane can be conveniently 
obtained with ease by crosslinking the basic polymer. 
5 The crosslinking agent for the basic polymer having the 

structural unit of the monomer of secondary amine is 
preferably exemplified by a substance containing two or more 
isocyanate groups . 

In another aspect , the present invention lies in a fuel 
hp cell provided with a cell unit - comprising an electrolyte- 

l3 electrode joined unit including the protective membrane - 

m 

i,j equipped composite electrolyte as described above which is 

in 

y«t interposed between an anode electrode and a cathode 

*~ electrode each having a gas diffusion layer and an electrode 

li catalyst layer stacked on the gas diffusion layer. 

In this arrangement, the protective membrane -equipped 
%3 composite electrolyte, which is interposed between the anode 

electrode and the cathode electrode, plays a role to 
transport hydrogen ion from the anode electrode to the 
20 cathode electrode. Even when any water stays in the 

container of the fuel cell, it is possible to suppress the 
elution of the liquid electrolyte into water, because the 
polymer membrane is formed on the surface of the protective 
membrane -equipped composite electrolyte. Accordingly, it is 
2 5 possible to avoid any decrease in cell characteristic of the 

fuel cell. 

Further, owing to the arrangement as described above. 
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it is possible to operate the fuel cell at a relatively low 
temperature. Therefore, it is possible to miniaturize a 
heater or the like for heating the cell unit, and it is 
possible to reduce the amount of electric power application 
to the heater or the like. As a result, it is possible to 
realize a small size of the fuel cell, and it is possible to 
reduce the operation cost for the fuel cell. 

Even when the fuel cell is operated at a high 
temperature, the decrease in protecting ability of the 
membrane for the composite electrolyte is suppressed, 
because the membrane composed of crosslinked polymer is 
excellent in heat resistance. 

In still another aspect, the present invention lies in 
a method for producing a protective membrane -equipped 
composite electrolyte, comprising the steps of compositing a 
matrix and a liquid electrolyte by impregnating the matrix 
with the liquid electrolyte to prepare a composite 
electrolyte; depositing a crosslinkable polymer onto a 
surface of the composite electrolyte together with a 
crosslinking agent; and forming a membrane composed of 
crosslinked polymer by reacting the crosslinkable polymer 
and the crosslinking agent with each other. 

The production method can be adopted in any case in 
which the matrix is composed of a silicon carbide porous 
member or a polymer. 

In still another aspect, the present invention lies in 
a method for producing a protective membrane -equipped 
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composite electrolyte, comprising the steps of compositing a 
matrix and a liquid electrolyte by impregnating the matrix 
composed of a polymer with the liquid electrolyte to prepare 
a composite electrolyte; and forming a membrane composed of 
crosslinked polymer on a surface of the matrix by 
crosslinking the polymer for constructing the matrix with a 
crosslinking agent. 

That is, in this case, the polymer for constructing the 
matrix itself is crosslinked. 

To sum up, the membrane (protective membrane), which is 
composed of the crosslinked polymer, can be formed easily 
and conveniently without increasing the temperature of the 
composite electrolyte up to a high temperature in such a 
degree that the liquid electrolyte is volatilized and 
removed, by crosslinking the polymer deposited on the 
surface of the composite electrolyte or the polymer for 
constructing the matrix itself. 

When any one of phosphoric acid, sulfuric acid, and 
methanesulf onic acid is used as the liquid electrolyte, it 
is preferable to use a basic polymer having a structural 
unit of monomer of secondary amine, as a constitutive 
material for the membrane, because of the following reason. 
That is , as described above , in any case in which the matrix 
is composed of a silicon carbide porous member or a polymer, 
the basic polymer is attracted by the acidic liquid 
electrolyte, and it efficiently adheres to the surface of 
the composite electrolyte. Further, the membrane can be 



conveniently obtained with ease by crosslinking the basic 
polymer . 

Preferred examples of the crosslinking agent for 
crosslinking the basic polymer having the structural unit of 
5 the monomer of secondary amine include a substance 

containing two or more isocyanate groups as described above. 

The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
prp accompanying drawings in which .a preferred embodiment of the 

10 present invention is shown by way of illustrative example. 

= n 

lu 

E|==i 

r3 BRIEF DESCRIPTION OF THE DRAWINGS 

hi 

FIG. 1 shows a schematic entire arrangement of a cell 

11 unit of a fuel cell provided with a protective membrane - 
equipped composite electrolyte according to an embodiment of 
the present invention; 

FIG. 2 shows a schematic sectional view illustrating 
the protective membrane -equipped composite electrolyte 
20 according to the embodiment of the present invention; 

FIG. 3 shows a flow chart illustrating a method for 
producing the protective membrane -equipped composite 
electrolyte according to a first embodiment; 

FIG. 4 shows a flow chart illustrating a method for 
25 producing the protective membrane -equipped composite 

electrolyte according to a second embodiment; 

FIG. 5 shows a schematic entire arrangement of a cell 
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unit of a fuel cell provided with a composite electrolyte 
concerning the conventional technique; and 

FIG. 6 shows an exploded perspective view illustrating 
a composite electrolyte, and an anode electrode and a 
5 cathode electrode between which the composite electrolyte is 

interposed, of the cell unit shown in FIG. 5. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The protective membrane -equipped composite electrolyte 
Cfcp according to the present invention will be explained in 

{Q detail below with reference to the accompanying drawings, as 

m 

|:j exemplified by preferred embodiments in relation to a fuel 

i n 

n cell provided with the protective membrane -equipped 

composite electrolyte. Constitutive components 

J£J5 corresponding to the constitutive components shown in FIGS. 

5*5 5 and 6 are designated by the same reference numerals, 

J 1 ? detailed explanation of which will be omitted. 

FIG. 1 shows a cell unit 20 of a fuel cell according to 
an embodiment of the present invention. In the cell unit 

20 20, a protective membrane -equipped composite electrolyte 22 

is interposed between an anode electrode 2 and a cathode 
electrode 3. An electrolyte-electrode joined unit 24 is 
constructed by joining these components to one another. 

The electrolyte-electrode joined unit 24 is interposed 

25 between a pair of separators 8a, 8b. Collecting electrodes 

9a, 9b are arranged at the outside of the pair of separators 
8a, 8b respectively. Further, end plates 10a, 10b are 
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arranged at the outside of the collecting electrodes 9a, 9b 
respectively. The end plates 10a, 10b are connected to one 
another by the aid of unillustrated bolts. 

FIG. 2 shows a schematic vertical sectional view 
illustrating the protective membrane -equipped composite 
electrolyte 22. As shown in FIG. 2, the protective 
membrane -equipped composite electrolyte 22 is constructed 
such that the surface of a composite electrolyte 28 
including a matrix 26 impregnated with an unillustrated 
liquid electrolyte is coated with a protective membrane 30 
composed of crosslinked product comprising a crosslinked 
polymer (hereinafter referred to as "crosslinked product"). 

The matrix 26 for constructing the composite 
electrolyte 28 is not specifically limited provided that the 
matrix 26 can hold the liquid electrolyte while being 
impregnated at the inside thereof. The matrix 26 may be, 
for example, a silicon carbide porous member. However, it 
is preferable that the matrix 26 is a polymer film composed 
of a basic polymer, because of the following reason. That 
is, in this arrangement, the protective membrane 30 composed 
of crosslinked product can be easily formed by crosslinking 
the surface of the matrix 26 as described later on. The 
basic polymer, which can hold the liquid electrolyte while 
being impregnated therewith and which can be easily 
crosslinked, may be exemplified, for example, those having 
the structural unit of a monomer of secondary amine as 
represented by the following chemical formulas (1) to (4). 
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The liquid electrolyte, with which the matrix 26 is 
impregnated, is not specifically limited provided that it is 
a liquid having ion conductivity. However, in this case, 
the cell unit 20 is a power -generating cell for the fuel 
5 cell. Therefore, it is preferable to use phosphoric acid, 

sulfuric acid, or methanesulf onic acid as a liquid 
electrolyte having hydrogen ion conductivity. 

The protective membrane 30 composed of crosslinked 
product is formed by crosslinking the polymer deposited onto 
1=0 the matrix 26, or it is formed by crosslinking a surface 

#S portion of the polymer for constructing the matrix 26. That 

\\\ is, the composite electrolyte 28 is in a form of being 

III coated with the protective membrane 30 composed of 

crosslinked product. As described later on, the elution of 
1;5 the liquid electrolyte from the matrix 26 is suppressed by 

l^t the protective membrane 30 composed of crosslinked product. 

^3 It is needless to say that one which does not disturb the 

movement of hydrogen ion from the anode electrode 2 to the 
cathode electrode 3 is selected as the protective membrane 
20 30 composed of crosslinked product. 

When the matrix 26 is composed of the basic polymer 
having the structural unit of the monomer of secondary amine 
as represented by the chemical formulas (1) to (4), those 
usable as the crosslinking agent for crosslinking the basic 
25 polymer include those containing two or more isocyanate 

groups (-NCO) in the molecule. The general formulas are 
shown in the following chemical formulas (5) and (6). 
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NCO 



(5) 



£3 



in 

*y 



OCN 




NCO 



(6) 



X, Y in the chemical formulas (5) and. (6) mutually 
independently indicate any functional group selected from 
the group consisting of H, alkyl group, alkoxy group, aryl 
group, halogen group, and isocyanate group. In the chemical 
formula (5), the position of X may be any one of 2-position, 
4 -position, and 5-position with respect to the isocyanate 
groups (-NCO) positioned at 1-position and 3-position. 

Specified examples of the crosslinking agent include, 
for example, toluidine dicyanate represented by the 
following chemical formula ( 7 ) and hexamethylene 
diisocyanate represented by the chemical formula (8). 



15 



OCN 




(7) 



NCO 
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OCN-(CH 2 ) 6 -NCO **-(8) 

For example, when polybenzimidazole represented by the 
chemical formula (1) is crosslinked with hexamethylene 
isocyanate represented by the chemical formula (8), the 
reaction represented by the following reaction formula (c) 
takes place. 



0=C=N-(CH 2 )-N=C = 0 




H 



As described above, the movement of hydrogen ion is not 
inhibited by the protective membrane 30 composed of 
crosslinked product. Therefore, the cell characteristic of 
the cell unit 20 is not decreased by interposing the 
protective membrane -equipped composite electrolyte 2 2 
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between the anode electrode 2 and the cathode electrode 3 . 
Further, the crosslinked product as described above is 
insoluble in water. Therefore, even when any water stays in 
the container of the phosphoric acid fuel cell, the 
protective membrane 30 composed of crosslinked product is 
not dissolved. 

The phosphoric acid fuel cell is constructed by 
stacking the cell units 20 each provided with the protective 
membrane -equipped composite electrolyte 2 2 and electrically 
connecting the cell units 20 in series to prepare a stack 
which is accommodated in the container. 

When the phosphoric acid fuel cell is operated at a 
temperature less than 100 °C, then the water is produced on 
the cathode electrode 3 in accordance with the reaction 
formula (b) described above, and the water stays in the 
container. The water contacts with the surface of the 
protective membrane -equipped composite electrolyte 22. 
However, as described above, the protective membrane- 
equipped composite electrolyte 22 is constructed as having 
the protective membrane 30 composed of crosslinked product 
on its surface. Therefore, the matrix 26 and the liquid 
electrolyte are prevented from any direct contact with the 
water. Further, the protective membrane 30 composed of 
crosslinked product is not dissolved in the water as 
described above. Accordingly, the elution of the liquid 
electrolyte impregnated in the matrix 26 into the water is 
remarkably suppressed. 



As described above, in the protective membrane -equipped 
composite electrolyte 22 having the protective membrane 30 
composed of crosslinked product on the surface, even when 
the water stays in the container of the phosphoric acid fuel 
cell, the decrease in concentration of the liquid 
electrolyte is suppressed. Accordingly, it is possible to 
consequently avoid the decrease in cell characteristic of 
the phosphoric acid fuel cell. Further, as described above, 
the protective membrane 30 composed of crosslinked product 
does not inhibit the passage of the hydrogen ion. 
Therefore, even when the protective membrane 30 composed of 
crosslinked product is formed, the decrease in cell 
characteristic of the cell unit 20 is not caused. 

Further, when the cell unit 20 is constructed to 
possess the protective membrane -equipped composite 
electrolyte 22, the phosphoric acid fuel cell can be 
operated at a relatively low temperature, because of the 
following reason. That is, as described above, the elution 
of the liquid electrolyte is suppressed in the protective 
membrane -equipped composite electrolyte 22. Therefore, it 
is possible to further miniaturize a heater or the like for 
heating the cell unit 20. In accordance therewith, it is 
possible to reduce the amount of electric power application 
to the heater or the like. As a result, it is possible to 
realize a small size of the fuel cell, and it is possible to 
reduce the operation cost for the fuel cell. 

Next, explanation will be made for methods for 
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producing the protective membrane -equipped composite 
electrolyte 22 with reference to a flow chart thereof shown 
in FIG. 3 or FIG. 4. 

As shown in FIG. 3, the production method according to 
5 a first embodiment (hereinafter referred to as "first 

production method" ) comprises a step SA1 of impregnating a 
matrix 26 with a liquid electrolyte to prepare a composite 
electrolyte 28, a step SA2 of depositing a crosslinkable 
polymer onto a surface of the composite electrolyte 28 
£=p together with a crosslinking agent, and a step SA3 of 

forming a protective membrane 30 composed of crosslinked 
product by reacting the polymer and the crosslinking agent 
with each other. The first production method can be adopted 
when the matrix 26 is any one of the silicon carbide porous 

S 

|5 member and the polymer. 

At first, in the step SA1 , the matrix 26 is impregnated 

P with the liquid electrolyte to prepare the composite 

electrolyte 28. Specifically, the matrix 26 is immersed in 
phosphoric acid, sulfuric acid, or methanesulf onic acid. 

20 When the matrix 26 is composed of the basic polymer film as 

described above, the matrix 26 containing phosphoric acid, 
sulfuric acid, or methanesulf onic acid may be allowed to 
stand still until the concentration of the liquid 
electrolyte in the basic polymer film arrives at an 

25 equilibrium state. 

The composite electrolyte 28 obtained as described 
above may be dried to such an extent that the liquid 



m 
in 
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electrolyte is not volatilized and removed. 

Subsequently, in the step SA2 , a crosslinkable polymer 
is deposited onto the surface of the composite electrolyte 
28 together with a crosslinking agent. That is, the 
5 composite electrolyte 28 is immersed in an hydrophobic 

solvent in which the crosslinkable polymer and the 
crosslinking agent are dissolved. 

Those usable as the crosslinkable polymer may be those 
which allow the hydrogen ion to permeate therethrough and 

M which are insoluble in water. .Specifically, it is possible 

- n 

jjjj to exemplify the polymer having the structural unit of the 

:[] monomer of secondary amine as represented by the chemical 

^ ==? 

in 

}[£ formulas (1) to (4) described above. Such a polymer is 

- y attracted to the surface of the composite electrolyte 28, 

3 

is because the liquid electrolyte, with which the matrix 26 is 

Mi 

[U impregnated, is acidic. Therefore, the surface of the 

□ composite electrolyte 28 is efficiently coated with the 

polymer. In this case, it is possible to exemplify, as the 
crosslinking agent, the substance containing two or more 

20 isocyanate groups represented by the general formulas in the 

chemical formulas ( 5 ) and ( 6 ) . 

The reason the hydrophobic solvent is used as the 
solvent to dissolve the crosslinkable polymer and the 
crosslinking agent is that the liquid electrolyte is eluted 

25 from the composite electrolyte 28 if a hydrophilic solvent 

is used. Preferred examples of the hydrophobic solvent to 
dissolve the polymer having the structural unit of the 
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monomer of secondary amine and the substance containing two 
or more isocyanate groups include. liquid hydrocarbons such 
as n-hexane, ethers such as dimethyl ether and diethyl 
ether, chlorinated hydrocarbons such as dichlorome thane 
5 (CH 2 C1 2 ) and chloroform (CHC1 3 ) , carbon tetrachloride, 

tetrahydrof uran , and benzene. 

It is enough that the immersing time in the step SA2 is 
in such a degree that the crosslinkable polymer is uniformly 
deposited onto the surface of the composite electrolyte 28. 
It) Subsequently, in the step SA3, the polymer adhered to 

m the surface of the composite electrolyte 28 is crosslinked. 

m 

ijj That is, the composite electrolyte 28 is heated to a 

H temperature at which the polymer and the cros slinking agent 

can be reacted with each other. When the deposited polymer 
tpf is polybenzimidazole , the mutual reaction is started by 

^ : a 

11 allowing the temperature to be 20 to 200 °C. The formation 

of the protective membrane 30 composed of crosslinked 
product comprising crosslinked polybenzimidazole is 
completed for about 30 minutes to 12 hours. The temperature 

20 and the time required for causing the mutual reaction are 

set so that the liquid electrolyte, with which the matrix 26 
is impregnated, is not volatilized and removed. 

As described above, the protective membrane 30 composed 
of crosslinked product can be conveniently formed with ease 

25 by reacting the polymer and the crosslinking agent with each 

other after the crosslinkable polymer is deposited onto the 
surface of the composite electrolyte 28 together with the 
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crosslinking agent. As a result, the protective membrane- 
equipped composite electrolyte 22 is obtained, in which the 
surface of the composite electrolyte 28 is coated with the 
protective membrane 30 composed of crosslinked product. 

Next, the second production method will be explained 
with reference to a flow chart thereof shown in FIG. 4. 

The second production method comprises a step SB1 of 
preparing a composite electrolyte 28 by impregnating a 
matrix 26 composed of a polymer with a liquid electrolyte, 
and a step SB2 of preparing a crosslinked product by 
crosslinking a surface portion of the polymer for 
constructing the matrix 2 6 to form a protective membrane 30 
composed of crosslinked product. As clearly understood from 
the above, the second production method can be adopted when 
the matrix 26 is composed of the polymer. 

At first, in the step SB1, the matrix 26 composed of 
the polymer is impregnated with the liquid electrolyte to 
prepare the composite electrolyte 28 in accordance with the 
step SA1 described above. The composite electrolyte 28 
obtained as described above may be dried to such an extent 
that the liquid electrolyte is not volatilized and removed, 
in the same manner as in the first production method. 

Subsequently, in the step SB2, the surface of the 
polymer for constructing the matrix 26 is crosslinked with 
the crosslinking agent. That is, the composite electrolyte 
28 is immersed in a hydrophobic solvent in which the 
crosslinking agent is dissolved. For example, when the 
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polymer for constructing the matrix 26 is the basic polymer 
having the structural unit of the monomer of secondary amine 
as represented by the chemical formulas (1) to (4) described 
above, the composite electrolyte 28 may be immersed in the 
5 hydrophobic solvent as described above dissolved with the 

substance containing two or more isocyanate groups 
represented by the general formulas of the chemical formulas 
(5) and (6). The reason the hydrophobic solvent is used is 
the same as that explained in the description, of the first 
10 production method. 

The polymer for constructing the matrix 26 and the 
i!| crosslinking agent are reacted with each other in accordance 

j=4 with the step SA3 described above. That is, the composite 

electrolyte 28 is heated to a temperature at which the 
1:5 polymer and the crosslinking agent can be reacted with each 

I 5 *) other . Of course , also in this case , the temperature and 

p the time required for causing the mutual reaction are set so 

that the liquid electrolyte, with which the matrix 26 is 
impregnated, is not volatilized and removed. 
20 As described above, when the matrix 26 is composed of 

the polymer, the protective membrane 30 composed of 
crosslinked product can be conveniently formed with ease by 
reacting the matrix 26 itself and the crosslinking agent 
with each other. As a result, the protective membrane- 
25 equipped composite electrolyte 22 is obtained, in which the 

surface of the composite electrolyte 28 is coated with the 
protective membrane 30 composed of crosslinked product. 
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The first production method has been explained as 
exemplified by the case in which polybenzimidazole is 
crosslinked by using, as the crosslinking agent, the 
substance containing two or more isocyanate groups . 
However, it is needless to say that the type of the 
crosslinking agent is selected in conformity with the type 
of the polymer to be crosslinked. 

In this embodiment , the electrochemical cell provided 
with the protective membrane -equipped composite electrolyte 
22 is exemplified by the power-generating cell (cell unit 
20) of the phosphoric acid fuel cell. However, there is no 
special limitation thereto. Another electrochemical cell 
may be available. The type of the ion which moves in the 
protective membrane -equipped composite electrolyte 22 can be 
changed by changing the type of the liquid electrolyte . 

Example 1: Production of protective membrane -equipped 
composite electrolyte 22 
A matrix 26, which was composed of a polybenzimidazole 
of width: 50 mm x length: 50 mm x thickness: 30 \im, was 
immersed in phosphoric acid having a concentration of 85 % 
for not less than 24 hours, after its weight was measured. 
The concentration of phosphoric acid in the matrix 26 was 
allowed to arrive at the equilibrium to prepare a composite 
electrolyte 28 including the matrix 26 impregnated with 
phosphoric acid. The composite electrolyte 28 was vacuum- 
dried at 80 °C, and then its weight was measured again. The 



- 26 - 



obtained weight was compared with the weight of the 
polybenzimidazole film before the immersing procedure to 
calculate the number of moles of phosphoric acid in the 
composite electrolyte 28 . The number of molecular of 
phosphoric acid per structural unit of the polybenzimidazole 
film was calculated to be 10.2 from the obtained number of 
moles . 

On the other hand, 2 g of hexamethylene diisocyanate 
( crosslinking agent) was dissolved in 50 ml of n-hexane. 
Subsequently, the composite electrolyte 28 was immersed in 
this solution for 5 minutes under an environment at 25 °C. 
Thus, hexamethylene diisocyanate was deposited onto the 
surface of the composite electrolyte 28. 

Subsequently, a heating treatment was applied to the 
composite electrolyte 28 at 80 °C for 2 hours at the 
ordinary pressure. Accordingly, n-hexane was removed from 
the surface of the composite electrolyte 28. Further, 
polybenzimidazole for constructing the matrix 26 was 
crosslinked with hexamethylene diisocyanate to obtain a 
protective membrane -equipped composite electrolyte 22. This 
product was designated as Working Example 1 . 

On the other hand, a protective membrane -equipped 
composite electrolyte 22 was obtained in the same manner as 
in Example 1 except that 2 g of toluidine dicyanate 
(crosslinking agent) was dissolved in 50 ml of n-hexane. 
This product was designated as Working Example 2 . 





Example 2: Protecting ability of 
protective membrane -equipped composite electrolyte 22 
The protective membrane -equipped composite electrolytes 
22 of Working Examples 1 and 2 produced as described above, 
5 and a composite electrolyte 4 (Comparative Example) 

constructed in the same manner as the protective membrane- 
equipped composite electrolytes 22 except that the 
protective membrane 30 composed of crosslinked product was 
not provided on the surface were immersed for 1 minute in 
h$ 100 ml of deionized water held . at 20 °C respectively. After 

1% that, the respective samples were taken out from the 



in 



a 



deionized water, and they were dried at 80 °C for 120 
minutes to remove the deionized water. It is needless to 
say that this test was performed under the condition severer 
!;§ than the condition to which the protective membrane -equipped 

composite electrolyte 22 would be exposed during the actual 
operation of the phosphoric acid fuel cell . 

The amounts of phosphoric acid (the number of molecules 
of phosphoric acid per structural unit of polybenz imidazole 
20 film) remaining in the protective membrane -equipped 

composite electrolytes 22 and the composite electrolyte 4 
were calculated from the changes of the weights of the 
protective membrane -equipped composite electrolytes 22 and 
the composite electrolyte 4 in the test described above. 
25 Results are shown in Table 1. 

Table 1 
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Type of electrolyte 


Remaining amount of phosphoric 
acid after being immersed in 
deionized water 


Working Example 1 


2.8 


Working Example 2 


1.8 


Comparative Example 


1.0 



According to Table 1 , it is clear that the phosphoric 
acid-holding ability of each of the protective membrane- 
equipped composite electrolytes 22 is excellent as compared 
with the composite electrolyte 4 having no protective 
membrane 30 composed of crosslinked product . This fact 
means that the elution of phosphoric acid from the matrix 26 
is suppressed by coating the surface of the composite 
electrolyte 28 with the protective membrane 30 composed of 
crosslinked product. 

As explained above, the seepage of the liquid 
electrolyte to the outside of the polymer membrane is 
remarkably suppressed by coating the surface of the 
composite electrolyte including the matrix impregnated with 
the liquid electrolyte with the crosslinked polymer membrane 
(protective membrane composed of crosslinked product) . 
Therefore, it is possible to suppress the decrease in 
performance of the electrochemical cell such as the fuel 
cell. 

Further, the polymer membrane is excellent in heat 



resistance. Therefore, even when the electrochemical cell 
is exposed to a high temperature, it is possible to avoid 
the decrease in protecting ability for the composite 
electrolyte . 
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